SEMICONDUCTOR INTEGRATED CIRCUIT 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a semiconductor integrated circuit 
equipped with an output circmt for serving as an interface of digital circuit, which 
operates at different electricity source voltage, 

2. Description of Related Art 

The finer the structure of MOS transistor becomes, the weaker the 
strength of gate oxide film becomes. For example, MOS transistor produced in a 
fine process of an extent of 0.35 /i m, is able to operate at an electricity source 
voltage of an extent of 3.3V. Ftirther, MOS transistor produced in a latest fine 
process of an extent of 0.18 m, is able to operate at an electricity source voltage 
of an extent of 1.8V. In order to make an interface with a circuit of 0.35 jU m fine 
process, both of MOS transistor able to be connected with an electricity source 
voltage of an extent of 1.8V and MOS transistor able to be connected with an 
electricity source voltage of an extent of 3.3V are formed in a circuit of 0. 18 m 
fine process of the conventional art, so as to transform signal level from 1.8V to 
3.3V. And, the signal level transforming circuit comprised an output circuit. 
(First prior art) 

Fig. 13 is a circuit diagram showing a structure of level transforming 
circuit of First prior art disclosed in Japanese patent pubUcation No. 6-216752. 
This level transforming circuit comprises with MOS transistors which dielectric 
strength of gate oxide film is lower than high voltage (5V), so as to transform level 
from a low votage electricity source system to a high voltage electricity source 
system. As shown in Fig. 13, this level transforming circmt comprises a level 
transforming section comprising MOS transistors 300 to 313, and an output 
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section comprising MOS transistors 314 to 317. The level transforming section is 
inputted with the signal IN of low voltage (VCC:3V) electricity source system, so 
as to put out a signal for transforming level to node N21, N22. The output section 
is inputted with a control signal from the level transforming section mentioned 
above; so as to put out an output signal OUTl having an ampUtude of OV to 5V as 
a signal of high voltage (VDD:5V) electricity source system, an output signal 
OUT2 having an ampUtude of intermediate electric potential to 5V as a signal of 
the same, and an output signal 0UT3 having an ampUtude of OV to intermediate 
electric potential as a signal of the same. 

Here, described is an occasion when output enable signal OE and its 
inverse signal OEB are inputted with H level and L level respectively. If input 
signal IN becomes L level; PMOS 306, 307 turns on and NMOS 305, 312 turns off. 
As a result, node N23, N24 becomes H level. And, NMOS 304 turns on. Then, 
source electric potential of NMOS 302 decreases. And, a route of current 
comprised of NMOS 302, PMOS 301 is taken. On the other hand, node N25 is 
pulled down. And, PMOS 308 turns on. When PMOS 308 tmrns on, node N21 
becomes H level. And, PMOS 309 turns on. Then, drain electric potential of 
NMOS 310 is pidled up to the high voltage VDD. Moreover, when node N24 
becomes H level, NMOS 311 is on, because the output enable signal EB is H level. 
Then, node N22 becomes H level. And, output signal 0UT3 becomes OV. When 
node N21 becomes H level, PMOS 314 turns off. And, output signal 0UT2 
becomes an intermediate electric potential. Output signal OUTl becomes OV, as 
NMOS 316 turns on, because output signal OUT3 is OV. 

On the other hand, if input signal IN becomes H level; NMOS 305, 312 
turns on and PMOS 306, 307 turns off. Then, the electric potential of nodes N22, 
N23 are pulled down. And, NMOS 317 turns off. Since NMOS 311 is on, node N24 
is puUed down. And, a route of current comprised of PMOS 309, NMOS 310 is 



taken. And, PMOS 314 turns on, when node N21 is pulled down. And, PMOS 300 
turns on, so as to puU up node N25. And, output signal OUTl becomes 5V, output 
signal 0UT2 becomes 5V, and output signal OUT3 becomes an intermediate 
electric potential. 

(Second prior art) 

Fig. 14 is a circuit diagram showing a structure of level transforming 
circuit of Second prior art disclosed in Japanese patent No. 3258229. This level 
transforming circuit comprises with MOS transistors which dielectric strength of 
gate oxide fUm is lower than high voltage (5V), so as to transform level from a low 
voltage electricity source system to a high voltage electricity source system, as 
well as First prior art. As shown in Fig. 14, this level transforming circuit 
comprises CMOS circuit 410, intermediate circviit 430, 440, and CMOS circuit 420. 

CMOS circuit 410 comprises PMOS 411, 412 and NMOS 413, 414. PMOS 
411, 412 are connected in series between the high voltage electricity source (VDD: 
5V) and output node Nl. NMOS 413, 414 are connected in series between the 
node Nl and the groimd. And, the gate of PMOS 411 for puUing up, is connected 
with node N4. On the other hand, the gate of NMOS 414 for pulling down, is 
inputted with a signal IN which amphtude is between a low voltage (VCC: 3V) 
and the ground. On the other hand, each gate of PMOS 412 and NMOS 413 is 
impressed with the low voltage in common. 

The intermediate circuit 430 comprises PMOS 431, 432. PMOS 431 is 
connected between the high voltage electricity source VDD and output node N3. 
And, its gate is connected with node N4. On the other hand, PMOS 432 is 
connected between node N3 and the low voltage electricity source VCC. And, its 
gate is connected with output node Nl of CMOS circuit 410. 

The intermediate circmt 440 comprises PMOS 441, 442. PMOS 441 is 
connected between the high voltage electricity source VDD and output node N4. 
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And, its gate is connected with node N3. On the other hand, PMOS 432 is 
connected between node N4 and the low voltage electricity source VCC. And, its 
gate is impressed with output signal OUTl. 

CMOS circuit 420 comprises PMOS 421, 422 and NMOS 423, 424. PMOS 
421, 422 are coimected in series between the high voltage electricity source VDD 
and output node N2. NMOS 423, 424 are connected in series between the output 
node N2 and the ground. And, the gate of PMOS 421 for puUing up, is connected 
with node N3. On the other hand, the gate of NMOS 424 for pulling down, is 
inputted with an inverse signal of the input signal IN. On the other hand, each 
gate of PMOS 422 and NMOS 423 is impressed with the low voltage VCC in 
common. 

Hereafter, the operation of this circuit is described. 

When the input signal IN is the low voltage level VCC, NMOS 414 turns on. 
And, PMOS 432 turns on. As a result, PMOS 441, 421 turn on. On the other hand, 
NMOS 424 turns off by the inverse signal of the input signal. And, PMOS 442 
turns off. Therefore, an output signal of the high voltage level VDD is put out to 
OUTl. In this state, direct current does not pass through the circuit, because 
PMOS 41 1, 431, 442 and NMOS 424 are in off state. 

On the other hand, when the input signal changed from the low voltage 
level VCC to the ground level (OV level), NMOS 424 turns on. And, PMOS 442 
turns on. As a result, PMOS 411, 431 turn on. And, NMOS 414 turns off by the 
inverse signal of the input signal. Then, PMOS 432 turns off. Therefore, an output 
signal of the ground level (OV level) is put out. In this state, direct current does 
not pass through the circuit, because PMOS 421, 441, 432 and NMOS 414 are in 
off state. 

Fig. 15 is a circuit diagram showing the structure of a three state output 
circuit equipped with the level transforming circviit mentioned above. The logic 



circuit of the low voltage electricity source system has a data terminal 451 and an 
enable terminal 452. And, it comprises a NAND gate 453, inverters 454, 455, and 
a NOR gate 456. Further, with the output side of said level transforming circuit, 
connected is a pre-buffer circuit 460. And, with this, connected is a main buffer 
circuit 470. The pre-buffer circuit 460 comprises PMOS 461, 462. And, it provides 
PMOS 471 with a signal having an amphtude between the high voltage VDD and 
the low voltage VCC. On the other hand, the main buffer circuit 470 comprises 
PMOS 471, 472 and NMOS 473, 474. And. it puts out an output signal OUT from 
an output pad 480 to the outside of the integrated circuit. 

When the ground level OV is inputted to the enable terminal 452, the high 
voltage level VDD is impressed with the gate of PMOS 471 and the groimd level 
OV is impressed with the gate of NMOS 474. Then, the output signal OUT 
becomes a high impedance state. 

On the other hand, when the low voltage level VCC is impressed with the 
enable terminal 452 and the low voltage level VCC is impressed with the data 
terminal 451, the low voltage level VCC is impressed with the gate of PMOS 471 
and the groxmd level OV is impressed with the gate of NMOS 474. Then, the 
output signal OUT becomes the high voltage level VDD. 

Moreover, when the low voltage level VCC is impressed with the enable 
terminal 452 and the ground level OVis impressed with the data terminal 451, 
the high voltage level VDD is impressed with the gate of PMOS 471 and the low 
voltage level VCC is impressed with the gate of NMOS 474. Then, the output 
signal OUT becomes the ground level OV. Therefore, the three state buffer circuit 
functions. 

However, the output circuit of the conventional art mentioned above has 
following problems. 



That is, transistors operating with the low voltage electricity source and 
transistors having gate oxide film strength stronger than the voltage level VDD of 
high voltage electricity source, must be formed together. Therefore, the gate oxide 
films of some transistors must be thick and their gate length must be long. And, 
this kind of MOS transistors available for the output circuit, must be formed 
partially on some portions of integrated circuit on a semiconductor chip. So, there 
is a problem that manufacturing process becomes complicated. 

Moreover, as for First prior art (Fig. 13), an output circuit is able to 
comprise only transistors having gate oxide film strength lower than the high 
voltage level VDD. However, First prior art limits ampUtude of gate voltage (node 
N21) of PMOS 314, by using the effect of turning off PMOS 309; so as to restrain 
the gate voltage under the strength of gate oxide fihn less than the high voltage 
level VDD. Meanwhile, the gate of PMOS 309 is impressed with an electric 
potential VB. Therefore, the electric potential of the gate of PMOS 309 does not 
decrease less than VB+Vth, even if logical value of node N21 is L level. Here, Vth 
is threshold voltage of PMOS. 

While PMOS 309 is turning ofiF, the electric potential of node Nl gradually 
comes to VB+Vth. The level transforming circuit of First prior art uses this motion. 
So, there is a problem that it could not operate rapidly. 

Moreover, gate voltage of PMOS 314 (electric potential of node N21) 
becomes VDD-(VB+Vth). So, if (VB+Vth) is higher than 3V, gate voltage becomes 
low value. Therefore, there is another problem that abihty to bear load of output 
section decreases. Moreover, the output signal OUTl rises to 5V from OV, when 
NMOS 317 turns off and PMOS 314 turns on. In this occasion, source electric 
potential of PMOS 315 is pulled up rapidly. Therefore, the voltage Vgs between 
gate and source of PMOS 315 becomes certain voltage, so that the current flowing 
in PMOS 315 is equal to the current flowing in PMOS 314. So, between source 
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and drain of PMOS 315, voltage of VCC+Vgs is impressed. Similarly, output 
signal OUTl drops to OV from 5V, when PMOS 314 turns off and NMOS 317 
turns on. In this occasion, source potential of NMOS 316 is pulled down rapidly. 
Therefore, the voltage Vgs between gate and source of NMOS 316 becomes certain 
voltage, so that the current flowing in NMOS 316 is equal to the current flowing 
in NMOS 317. So, between soxu-ce and drain of NMOS 316, voltage of VCC+Vgs is 
impressed. Therefore, voltage exceeding the voltage preferred in low voltage 
electricity source system, is transiently impressed between source and drain. So, 
ability of device is deteriorated by hot carrier. As a result, caused was a problem 
that reliabiUty of device deteriorates. 

Moreover, as for Second prior art (Fig. 14, 15), an output circuit is able to 
comprise only transistors having gate oxide film strength lower than the high 
voltage level VDD, as weU. However, Second prior art has following problem. 

When the enable terminal 452 is impressed with the low voltage level VCC, 
the data terminal 451 becomes the ground level VCC from the low voltage level 
VCC. In this occasion, the gate voltage of PMOS 471 becomes the high voltage 
level VDD from the low voltage level VCC. And, the gate voltage of NMOS 474 
becomes the low voltage level VCC from the ground level. As a result, the output 
signal OUT becomes the ground level from the high voltage level VDD. In this 
occasion, in order to bear a load connected to the output pad 480, the voltage 
between source and drain of NMOS 473 becomes VDD-VCC+Vgs, Here, Vgs is 
gate source voltage of NMOS 474, which flows current in NMOS 473 as same as 
current flowing in NMOS 474. So, the voltage between source and drain 
transiently becomes higher than VCC. Similarly, the voltage between gate and 
souice of PMOS 472 becomes VCC+Vgs. Here, Vgs is gate soxirce voltage of PMOS 
472, which flows current in PMOS 472 as same as cxirrent flowing in PMOS 471. 
So, the voltage between source and drain transiently becomes higher than VCC. 



Therefore, voltage exceeding the voltage preferred in low voltage electricity source 
system, is transiently impressed between source and drain. Moreover, voltage 
exceeding the voltage preferred in low voltage electricity source system, is 
transiently impressed between gate and source. So, ability of device is 
deteriorated by hot carrier. As a result, caused was a problem that reliability of 
device deteriorates. 

Moreover, with dropping of output node N3, output node N2 is puUed up by 
the turning on current of PMOS 421 flowing through PMOS 422. And, as shown 
in Fig. 15, a buffer to drive succeeding output stage is provided to the level 
transforming circuit. This buffer comprises two PMOS 461, 462, which are 
connected in series between the high voltage electricity source VDD and the low 
voltage electricity source VCC. The source of PMOS 461 is connected with the 
high voltage electricity soiirce VDD. The drain of PMOS 462 is connected with the 
low voltage electricity source VCG. The gate of PMOS 461 is connected with 
output node N3. The gate of PMOS 462 is connected with output node N2. 
Therefore, PMOS 461 comes into on state, while PMOS 462 is still in on state. 
Therefore, passing current flows from the high voltage electricity source VDD to 
the low voltage electricity source VCC. As a result, caused is a problem of 
increasing electricity consumption in vain. 

Moreover, as described in Japanese patent 3258229, in the occasion when 
the output stage of semiconductor integrated circuit is driven, each transistor of 
output stage usuaUy has gate width of several hundreds U m. So, as for gate 
width of each transistor of buffer driving this transistor of output stage, if it is 
narrower than several hundreds U m, ciu-rent flowing through the output stage 
decreases. And, as a result, caused is a problem of decreasing the drivability of the 
output stage. 



8 



The present invention is aimed at providing novel and improved 
semiconductor integrated circuit, which is able to operate fast and to restrain 
drivabihty drop, so as to solve the problems contained in the semiconductor 
integrated circuit of prior art mentioned above. 

SUMMAEY OF THE INVENTION 

According to the first aspect of the present invention, provided is: a 
semiconductor integrated circuit comprising; a first controlling circuit section 

(50) , a level transforming circuit (11a), a first buffer circtiit (20) , a second 
buffer circuit (40) , an overvoltage protecting circuit (70) (Claim 1). 

A first controUing circuit section (50) is inputted with an input signal 
having ampUtude between a low voltage and the grovmd, operates with the low 
voltage of electricity source, puts out a first control signal generated by said input 
signal, puts out an inverse signal of the first control signal, and puts out a second 
control signal generated firom the first control signal. 

A level transforming circuit (11a) is inputted with said first control signal, 
inputted with said inverse signal, puts out a first signal having amphtude 
between said low voltage and a high voltage higher than said low voltage. 

A first buffer circuit (20) has first p-channel type MOS transistor connected 
between said high voltage of electricity source and first output node, impressed 
gate of said first p-channel type MOS transistor with said first control signal, and 
has first n-channel type MOS transistor connected between said first output node 
and the ground, impressed gate of said first n-channel type MOS transistor with 
said first control signal. And, said first buffer circuit puts out a second signal 
having amphtude between said high voltage and said low voltage to said first 
output node. 



A second buffer circiut (40) has second p-channel type MOS transistor 
connected between said low voltage of electricity source and second output node, 
impressed gate of said second p-channel type MOS transistor with said second 
control signal, and has second n-channel type MOS transistor connected between 
5 said second output node and the ground, impressed gate of said second n-channel 
type MOS transistor with said second control signal. And, said second buffer 
circuit puts out a third signal having ampUtude between said low voltage and the 
ground to said second output node. 

A overvoltage protecting circtdt (70) has third p-channel type MOS 

10 transistor connected drain of said third p-channel type MOS transistor with third 
output node, impressed source of said third p-channel type MOS transistor with 
said second signal, and has third n-channel type MOS transistor connected drain 
of said third n-channel type MOS transistor with third output node, impressed 
source of said third n-channel type MOS transistor with said third signal. And, 

1 5 said overvoltage protecting circuit impressed each gate of said third p-channel 

type MOS transistor and said third n-channel type MOS transistor with said low 
voltage in common, puts out a fourth signal having ampUtude between said high 
voltage and the ground to said third output node. 

According to the above configuration, electric potential exceeding the low 

20 voltage level is not statically impressed with the gate oxide film of each transistor. 
Therefore, a semiconductor integrated circuit is able to comprise only MOS 
transistor which endurable strength of gate oxide film is lower than the high 
voltage electricity source level. Besides, first n-channel type MOS transistor (22) 
of first buffer circuit (20) and second p-channel type MOS transistor (41) of second 

25 buffer circuit (40) are provided, in comparison with the output stage of prior art 
(Fig. 13 and Fig. 15). Therefore, faster operation becomes possible. And, voltage 
between source and drain of third p-channel type MOS transistor (71) and third n- 
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channel type MOS transistor (72) of overvoltage protecting circuit (70) impressed 
when the output signal OUT changes, can be decreased. 

Moreover, the semiconductor integrated circuit of first aspect comprises a 
pre-buffer circuit (30) connected with the output of said level transforming circuit 
(11a), operating with electricity source of voltage between the high voltage and the 
low voltage, so as to put out said first signal having amphtude between the high 
voltage and the low voltage (Claim 2). This pre-buffer circuit (30) can adjust 
timing of inputting said first buffer circuit with said first signal (Claim 3). 

According to the above configuration, the pre-buffer circuit (30) comprises 
CMOS inverter. On the other hand, the first prior art mentioned above (Fig. 13) 
employs an effect of turning off of source follower transistor, in order to Hmit 
amphtude of gate voltage. Therefore, the first aspect of present invention is able to 
operate faster than the first prior art and to restrain drivability drop. Moreover, 
the pre-buffer circuit is inserted in the stage before the first buffer circuit. 
Therefore, the on-off timing of first buffer circuit (20) can be set corresponding to 
the off-on timing of second buffer circuit (40). So, current passing through the 
overvoltage protecting circuit (70) fiom the high voltage electricity source to the 
ground, can be decreased. 

According to the second aspect of the present invention, provided is: a 
semiconductor integrated circuit comprising; a first controlling circuit section 

(50) , a first level transforming circuit (11), a second level transforming circuit 
(12), a first buffer circuit (20) , a second buffer circuit (40) , an overvoltage 
protecting circuit (70) (Claim 8). 

A first controlhng circuit section (50) is inputted with a data input signal 
having amphtude between a low voltage and the ground, inputted with an enable 
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signal, operates with the low voltage of electricity source, puts out a first control 
signal generated by said data input signal and said enable signal, puts out a first 
inverse signal of the first control signal, puts out a second control signal generated 
by said data input signal and said enable signal, puts out a second inverse signal 
5 of the second control signal, puts out a third control signal generated fi-om the 

first control signal, and puts out a fourth control signal generated fi:om the second 
control signal. 

A first level transforming circuit (11) is inputted with said first control 
signal, inputted with said first inverse signal, puts out a first signal having 
1 0 ampUtude between said low voltage and a high voltage higher than said low 
voltage. 

A second level transforming circuit (12) is inputted with said second control 
signal, inputted with said second inverse signal, puts out a second signal having 
amphtude between said low voltage and a high voltage higher than said low 
15 voltage. 

A first buffer circuit (20) has first p-channel type MOS transistor impressed 
gate of said first p-channel type MOS transistor with said first control signal, 
connected between said high voltage of electricity source and first output node, 
and has first n-channel type MOS transistor impressed gate of said first n- 
20 channel type MOS transistor with said second control signal, connected between 
said first output node and the ground. And, said first buffer circuit (20) puts out a 
third signal having amphtude between said high voltage and said low voltage to 
said first output node. 

A second buffer circuit (40) has second p-channel type MOS transistor 
25 impressed gate of said second p-channel type MOS transistor with said third 

control signal, connected between said low voltage of electricity source and second 
output node, and has second n-channel type MOS transistor impressed gate of 
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said second n-channel type MOS transistor with said fourth control signal, 
connected between said second output node and the ground. And, said second 
buffer circuit (40) puts out a fourth signal having ampHtude between said low 
voltage and the ground to said second output node. 

A overvoltage protecting circuit (70) has third p-channel type MOS 
transistor impressed source of said third p-channel type MOS transistor with said 
third signal, connected drain of said third p-channel type MOS transistor with 
third output node, and has third n-channel type MOS transistor impressed source 
of said third n-channel type MOS transistor with said fourth signal, connected 
drain of said third n-channel type MOS transistor with third output node. And, 
said overvoltage protecting circuit (70) impressed each gate of said third p-channel 
type MOS transistor and said third n-channel type MOS transistor with said low 
voltage in common, puts out a fifth signal having amplitude between said high 
voltage £uid the ground to said third output node. 

According to the above configuration, obtained is a tri-state output circuit 
having same effect as the semiconductor integrated circuit according to the first 
aspect mentioned above. Further, when the output is in high impedance state, if 
the output is impressed with the high voltage level or ground level, voltage 
clamped by the overvoltage protecting circuit (70) appears at node N6. Therefore, 
it is possible to provide a common circuit for input and output, by attaching node 
N6 with an input circuit operating with low voltage electricity source. 

Further, each gate of first buffer circuit (20) and second buffer circuit (40) 
are driven by different signals respectively. Therefore, by adjusting timing of 
them, it is possible to decrease passing current. So, a tri-state output circuit with 
lower electricity consumption is reahzed. 
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Moreover, the semiconductor integrated circuit of j&rst aspect comprises a 
pre-bu£fer circuit (30) connected with the output of said level transforming circuit 
(11), operating with electricity soxu-ce of voltage between the high voltage and the 
low voltage, so as to put out said first signal having amphtude between the high 
5 voltage and the low voltage (Claim 9). This pre-bu£fer circuit (30) can adjust 
timing of inputting said JBrst bujffer circuit with said first signal (Claim 10). 

According to the above configuration, the pre-buffer circuit (30) comprises 
CMOS invertor. On the other hand, the first prior art mentioned above (Fig. 13) 
employs an effect of turning off of source follower transistor, in order to limit 

1 0 amphtude of gate voltage. Therefore, the first aspect of present invention is able to 
operate faster than the first prior art and to restrain drivabihty drop. Moreover, 
the pre-buffer circuit is inserted in the stage before the fixst buffer circuit. 
Therefore, the on-off timing of first buffer circuit (20) can be set corresponding to 
the off-on timing of second buffer circuit (40). So, current passing through the 

1 5 overvoltage protecting circuit (70) from the high voltage electricity source to the 
ground, can be decreased. 

In the semiconductor integrated circuit of fiirst and second aspect, following 
adaptation is possible. 
20 Turning on resistance of first p-channel type MOS transistor (21) in first 

buffer circuit (20) is set higher than turning on resistance of third p-channel type 
MOS transistor (71) of overvoltage protecting circuit (70), and turning on 
resistance of second n-channel type MOS transistor (42) in second buffer circtut 
(40) is set higher than turning on resistance of third n-channel type MOS 
25 transistor (72) of overvoltage protecting circuit (70) (Claim 4, 11). 

According to the above structure, even in transient state, voltage exceeding 
dielectric strength between source and drain is not impressed between somce and 
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drain of each MOS transistor. Therefore, a semiconductor integrated circuit is 
able to comprise only MOS transistor which endurable dielectric strength between 
source and drain is lower than the high voltage electricity soxu-ce. Moreover, even 
in transient state, voltage exceeding the low voltage level is not impressed to the 
5 gate oxide film of each transistor mentioned above. Therefore, a semiconductor 
integrated circuit with higher rehabiUty is able to comprise only MOS transistor 
which endurable dielectric strength is lower than the high voltage electricity 
source. 

Moreover, substrates of first n-channel type MOS transistor (22) in first 

1 0 buffer circuit (20) and third n-channel type MOS transistor (72) of overvoltage 

protecting circuit are connected with each source, so as to isolate firom substrates 
of the other n-channel type MOS transistor (second n-channel type MOS 
transistor etc.) (Claim 5, 12) . 

According to the above structm-e, first n-channel type MOS transistor (22) 

1 5 and third n-channel type MOS transistor (72) are formed in a p-well region 

isolated electrically from the substrate. And. each substrate is connected with 
source. Thus, obtained is an effect that load to gate oxide films of first and third n- 
channel type MOS transistors (22, 72), further decreases. Moreover, inverse bias 
voltage impressed to pn junction formed between drain and substrate of first and 

20 third n-channel type MOS transistors (22, 72), is able to decrease. Moreover, 

expected is faster circuit operation, because substrate bias effect of fir st n-channel 
type MOS transistors (22) does not influence the operation of circuit. 

Moreover, substrate of third p-channel type MOS transistor (71) of the 
overvoltage protecting circuit (70) is connected with source; so as to isolate from 

25 substrates of the other p-channel type MOS transistor (first or second p-chaimel 
type MOS transistor (21, 41) etc.) (Claim 6, 13) . 
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According to the above structure, third p-channel type MOS transistor (71) 
is isolated from n-well of the other PMOS. And, each substrate is connected with 
source. Thus, obtained is an effect that load to gate oxide films of third p-channel 
type MOS transistors (71) fiu-ther decreases. Moreover, inverse bias voltage 
impressed to pn junction formed between drain and substrate of third p-channel 
type MOS transistors (71), is able to decrease. 

Moreover, each p-channel type MOS transistor and each n-channel type 
MOS transistor can be formed on an active region isolated by insulating film 
(Claim 7, 14) . 

According to the above structure, obtained is an effect that passing current 
is small and fast output circuit is reaUzed. 

Moreover, first signal is a signal having ampUtude between the high 
voltage and the low voltage, and the first signal is put out independently of output 
signal (Claim 18) . According to the above structure, operation can be fast and 
drop of load drivabihty can be restrained. Moreover, range of adaptation of level 
transforming circuit becomes wide. 

Moreover, according to the other aspect of present invention, in a 
semiconductor circuit comprising a low voltage system circuit which is connected 
between the low voltage electricity source and the ground and which puts out 
signal having ampUtude between the low voltage and the ground voltage, and a 
level transforming circmt transforming signal put out from the low voltage system 
circuit into signal having amphtude between the high voltage higher than the low 
voltage and the ground voltage, the level transforming circuit comprises according 
to each of the above first to third aspect. 
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Incidentally, in the above description, elements designated with symbols in 
parentheses are for easy understanding of invention. And, these symbols do not 
limit the scope of present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully by the succeeding 
detailed description in conjimction with the following accompanying drawings. 

Fig. 1 is a circuit diagram showing an output circuit according to 
Embodiment 1 and 2. 

Fig. 2 is a circuit diagram showing a level transforming circuit equipped 
with the output circuit of Fig. 1. 

Fig. 3 is a circuit diagram showing an output circuit according to 
Embodiment 3. 

Fig. 4 is a circuit diagram showing a level transforming circuit equipped 
with the output circuit of Fig. 3. 

Fig. 5 is a circuit diagram showing an output circuit according to 
Embodiment 4. 

Fig. 6 is a circuit diagram showing a level transforming circuit equipped 
with the output circuit of Fig. 5. 

Fig. 7 is a circxiit diagram showing an output circuit according to 
Embodiment 5, 6. 

Fig. 8 is a circuit diagram showing an output circuit according to 
Embodiment 7. 

Fig. 9 is a circmt diagram showing an output circuit according to 
Embodiment 8. 

Fig. 10 is a circuit diagram showing the structure of delay adjusting circuit 

DLYl. 
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Fig. 11 is a circuit diagram showing the structure of delay adjusting circuit 

DLY2. 

Fig. 12 is a circuit diagram showing an output circuit according to 
Embodiment 9. 

Fig. 13 is a circuit diagram showing a level transforming circuit of the first 
prior art. 

Fig. 14 is a circuit diagram showing a level transforming circuit of the 
second prior art. 

Fig. 15 is a circuit diagram showing an output circuit of the second prior 
art equipped with the level transforming circuit of Fig. 14. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiment will be described with reference to the 
accompanying drawings hereafter. Incidentally, in this apphcation and 
accompanying drawings, as for plural elements having same function and 
structure in substance, the same plural elements are designated with the same 
symbols, so as to omit the same description. 

<Embodiment 1> 

Fig. 1 is a circuit diagram showing an output circuit according to 
Embodiment 1. 

This output circuit comprises, as shown in Fig. 1, a logic circuit 50 (an 
example of the first control circuit section of present invention), a level 
transforming circuit 11a (an example of the level transforming circuit of present 
invention), a pre-bu£fer circuit 30 (an example of the pre-bu£fer circuit of present 
invention), a main buffer circuit 20 (an example of the first buffer circuit of 
present invention), a main buffer circuit 40 (an example of the second bxiffer 
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circuit of present invention), an overvoltage protecting circuit 70 (an example of 
the overvoltage protecting circuit of present invention). Hereafter, each element is 
described in this order, 
(logic cii'cuit 50), 

The logic circuit 50 of the low voltage electricity source system has a data 
terminal 51. And, it comprises inverters 53, 54, 55. Some outputs of this logic 
circuit 50 is connected with the level transforming circuit 11a which structure is 
shown in Fig. 2. Moreover, the other output of logic circuit 50 is provided with the 
main buffer circuit 40. 
(level transforming circuit 11a) 

The level transforming circmt 11a is inputted with the output of logic 
circuit 50. And, it is transformed into a signal of ampUtude between the high 
voltage VDD and the low voltage VCC, so as to put out. Further, with the output 
of said level transforming circuit 11a, connected is a pre-buffer circuit 30. And, 
with this, connected is a main buffer circuit 20. 
(pre-buflfer circuit 30) 

The pre-buffer circuit 30 comprises PMOS 31 and NMOS 32. And, it 
provides gates of PMOS 21 and NMOS 22 of main bxiffer circuit 20 with a signal 
of an amphtude between the high voltage VDD and the low voltage VCC. 
(main buffer circuit 20) 

The main buffer circuit 20 comprises PMOS 21 and NMOS 22. And, it 
provides the overvoltage protecting circuit 70 with an output signal of an 
ampUtude between the high voltage VDD and the low voltage VCC. 
(main buffer circuit 40) 

The main buffer circuit 40 comprises PMOS 41 and NMOS 42. And, it 
provides one of the terminals of overvoltage protecting circuit 70 with an output 
signal of an amplitude between the ground level OV and the low voltage VCC. 
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(overvoltage protecting circuit 70) 

The output signal OUT is put out from overvoltage protecting circuit 70 to 
the outside of the integrated circuit by way of an output pad 80. And, it comprises 
PMOS 71 and NMOS 72, which gates are impressed the low voltage level in 
common, which drains are connected with each other. 

In the structure mentioned above, the pre-buffer circuit 30 comprises an 
inverter. And, the substrate (n-type well region) of PMOS 31 is connected with the 
high voltage electricity source VDD. Besides, the substrate of NMOS 32 is 
connected with the ground. Similarly, main buffer circuit 20 comprises an inverter. 
And, the substrate (n-type well region) of PMOS 21 is connected with the high 
voltage electricity source VDD. Besides, the substrate of NMOS 22 is connected 
with the groxmd. Moreover, the main buffer circuit 40 comprises an inverter. And, 
the substrate (n-type well region) of PMOS 41 is connected with the low voltage 
electricity souice VCC. Besides, the substrate of NMOS 42 is connected with the 
ground. The overvoltage protecting circuit 70 comprises an inverter. And, the 
substrate (n-type well region) of PMOS 71 is connected with the high voltage 
electricity source VDD. Besides, the substrate of NMOS 72 is connected with the 
ground. 

(level transforming circuit 11a) 

Fig. 2 is a circuit diagram showing a structure of the level transforming 
circuit 11a. 

The level transforming circuit 11a is, as shown in Fig. 2, comprises an 
inverter 150, CMOS circuit 110, an intermediate circviit 130, an intermediate 
circuit 140, CMOS circuit 120, PMOS 15 Ip, and PMOS 152p. Hereafter, these are 
described in this order, 
(inverter 150) 
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The inverter 150 has PMOS 151 and NMOS 152. PMOS 151 is connected 
between the high voltage electricity source VDD and an output signal /OUT. And. 
its gate is connected with node 104. NMOS 152 is connected between the output 
signal /OUT and the low voltage electricity source VCC. And, its gate is connected 
5 with node 104. 

(CMOS circuit 110) 

CMOS circuit 110 has PMOS 111, 112 and NMOS 113, 114. PMOS 111, 
112 are connected in series. And, this series circuit is connected between a high 
voltage electricity sovu-ce VDD (3.3V for example) and an output node NlOl. 

10 NMOS 113, 114 are connected in series. And, this series circuit is connected 

between the output node NlOl and the ground. Besides, PMOS 111 gets its gate 
connected with a node N104, so as to function as a pull up switch. On the other 
hand, NMOS 114 gets its gate connected with an input signal IN having an 
ampUtude between a low voltage VCC (1.8V for example) and the ground, so as to 

15 function as a puU down switch. On the other hand, PMOS 112 and NMOS 113 get 
their gates impressed with the low voltage VCC in common, 
(intermediate circuit inverter 130) 

The intermediate circuit inverter 130 has PMOS 131 and NMOS 132. 
PMOS 131 is connected between the high voltage VDD and an output node N103. 

20 And, its gate is connected with the node N104. NMOS 132 is connected between 
the output node N103 and the low voltage VCC. And, its gate is connected with 
the node N104. 

(intermediate circuit inverter 140) 

The intermediate circuit inverter 140 has PMOS 141 and NMOS 142. 
25 PMOS 141 is connected between the high voltage VDD and the output node N104, 
And, its gate is connected with the node N103. NMOS 132 is connected between 



the output node N104 and the low voltage VCC. And, its gate is connected with 
the node N103. 
(CMOS circuit 120) 

CMOS circuit 120 has PMOS 121, 122 and NMOS 123, 124. PMOS 121, 
122 are connected in series. And, this series circuit is connected between the high 
voltage electricity source VDD and the output node N102. NMOS 123, 124 are 
connected in series. And, this series circuit is connected between the output node 
N102 and the ground. Besides, PMOS 121 gets its gate connected with a node 
N103, so as to function as a pull up switch. On the other hand, NMOS 124 gets its 
gate connected with an inverse signal /IN of input signal IN, so as to function as a 
pull down switch. On the other hand, PMOS 122 and NMOS 123 get their gates 
impressed with the low voltage VCC in common, 
(inverter 160) 

The inverter 160 has PMOS 161 and NMOS 162. PMOS 161 is connected 
between the high voltage electricity source VDD and the output signal OUT. And, 
its gate is connected with node 103. NMOS 162 is connected between the output 
signal OUT and the low voltage electricity source VCC. And, its gate is connected 
with node 103. 
(PMOS 15 Ip) 

PMOS 151p gets its gate connected with the node NlOl of CMOS circuit 
110. And, its drain is connected with the source of PMOS 112 of CMOS circuit 110. 
Besides, its source is connected with the node N103. 
OPMOS 152p) 

PMOS 152p gets its gate connected with the drain of PMOS 122 of CMOS 
circuit 120. And, its drain is connected with the source of PMOS 122 of second 
CMOS circuit 120. Besides, its sovurce is connected with the node N104. 
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In the configuration mentioned above, the intermediate circuit inverters 
130, 140 comprise a latch circuit. And, to this latch circuit, writing of data is 
performed by way of PMOS 151p, 152p. PMOS 112 and NMOS 113 of CMOS 
circuit 110 are provided so as to act as overvoltage protector of PMOS 111 and 
NMOS 114 respectively. And, both gates of PMOS 112 and NMOS 113 are 
impressed with the low voltage electricity source VCC in common. A substrate (N 
type well region) of PMOS 111 and a substrate of PMOS 112 are connected with 
the high voltage electricity source VDD in common. Besides, a substrate of NMOS 
113 and a substrate of NMOS 114 are connected with the groxmd in common. 

Similarly, PMOS 122 and NMOS 123 of CMOS circuit 120 are provided so 
as to act as overvoltage protector of PMOS 121 and NMOS 124 respectively. And, 
both gates of PMOS 122 and NMOS 123 are impressed with the low voltage 
electricity source VCC in common. A substrate (N type well region) of PMOS 121 
and a substrate of PMOS 122 are connected with the high voltage electricity 
source VDD in common. Besides, a substrate of NMOS 123 and a substrate of 
NMOS 124 are connected with the ground in common. 

Moreover, a substrate of PMOS 131 of intermediate circuit inverter 130 is 
connected with the high voltage electricity source VDD. And, a substrate of 
NMOS 132 is connected with the ground. 

Similarly, a substrate of PMOS 141 of intermediate circuit inverter 140 is 
connected with the high voltage electricity source VDD. And, a substrate of 
NMOS 142 is connected with the ground. 

Moreover, substrates of PMOS 15 Ip and PMOS 152p are connected with 
the high voltage electricity source VDD respectively. 

Moreover, a substrate of PMOS 151 of inverter 150 is connected with the 
high voltage electricity source VDD. And, a substrate of NMOS 152 is connected 
with the ground. 
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Similarly, a substrate of PMOS 161 of inverter 160 is connected with the 
high voltage electricity source VDD. And, a substrate of NMOS 162 is connected 
with the ground. 

The operating voltage of each PMOS transistor and NMOS transistor 
5 mentioned above are Umited by dielectric strength of their gate oxide fOm within 
the scope of more than VCC and more than VDD-VCC and less than VDD. In the 
description mentioned below, it is provided that a relation of VDD>VCC>=VDD- 
VCC is kept. Moreover, the inverse bias strength of pn jimction between the 
diffusing region and substrate of each PMOS transistor and NMOS transistor is 

10 set higher than the high voltage VDD. 
<Operation of Erhbodiment 1> 

When the data terminal 51 is impressed with the low voltage level VCC, 
output node Nil of inverter 53 becomes the ground level OV. The inverter 54 
provides the output node N12 with the low voltage level VCC. The input IN and 

1 5 /IN (the inverse signal of IN) of level transforming circuit 1 la are connected with 
the node N12 and Nil respectively. And, the high voltage level VDD is provided 
to the output of level transforming circuit 11a. The output node Nl of pre-buffer 
circuit 30 becomes the low voltage level VCC. And, the inverter 55, which input is 
connected with the node N12, brings its output node N3 to the groxmd level OV. 

20 The PMOS 21 of main biiffer circuit 20 turns on. And, NMOS 22 of it turns off. 
The PMOS 41 of main buffer circuit 40 tiurns on. And, NMOS 42 of it turns off. 
The PMOS 71 of overvoltage protecting circuit 70 turns on. And, NMOS 72 of it 
tvirns off. Therefore, the output signal OUT becomes the high voltage level VDD. 
On the other hand, when the data terminal 51 is impressed with the 

25 groxmd level OV, the output node Nil of inverter 53 becomes the low voltage level 
VCC. The inverter 54 provides the output node N12 with the ground level OV. The 
low voltage level VCC is provided to the output of level transforming circuit 11a. 
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The output node Nl of pre-bviffer circuit 30 becomes the high voltage level VDD. 
And, the inverter 55, which input is connected with the node N12, brings its 
output node N3 to the low voltage level VCC. The PMOS 21 of main buffer circuit 
20 turns off. And, NMOS 22 of it turns on. The PMOS 41 of main buffer circuit 40 
turns off. And, NMOS 42 of it turns on. The PMOS 71 of overvoltage protecting 
circuit 70 turns off. And, NMOS 72 of it turns on. Therefore, the output signal 
OUT becomes the ground level OV. 

Therefore, the output circuit of Fig. 1 functions as an output circuit, which 
transforms signal of amplitude between the groimd level OV and the low voltage 
level VCC into signal of ampHtude between the ground level OV and the high 
voltage level VDD. 

PMOS 41 of main buffer circuit 40 accelerates the rising of output signal 
OUT by way of NMOS 72 of the overvoltage protecting drcuit 70, when the output 
signal OUT shifts from the ground level OV to the high voltage level VDD. 
Moreover, PMOS 41 of main buffer circuit 40 accelerates the falling of output 
signal OUT by way of PMOS 71 of the overvoltage protecting circuit 70, when the 
output signal OUT shifts from the high voltage level VDD to the ground level OV. 

In the operation mentioned above, voltage higher than the low voltage level 
VCC is never impressed between the gate and the source or drain of each MOS 
transistor. Moreover, between the gate and the substrate, voltage higher than the 
low voltage level VCC is never impressed, except NMOS 22, 32. When a channel 
is formed as MOS transistor is on, channel is in the same electric potential as 
source. So, the voltage between source and substrate is not impressed to the gate 
oxide fihn. Only the voltage between gate and sovirce is impressed to the gate 
oxide film. 

On the other hand, when a channel is not formed as MOS transistor is off, 
total voltage Vgs+Vsb consisting of gate source voltage Vgs and source substrate 
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voltage Vsb is divided between gate oxide film and depletion layer beneath the 
gate. The depletion layer extends as Vsb increases. And, the voltage impressed to 
the gate oxide film does not increase so much. With the reason mentioned above, 
even if Vsb is impressed, the maximum voltage impressed to the gate oxide film is 
5 not different fi-om the conventional art. So, reUabiUty of gate oxide film is never 
deteriorated. 

<Effect of Embodiment 1> 

As mentioned above, according to Embodiment 1, gate oxide film of each 
transistor mentioned above is not impressed with an electric potential exceeding 

10 the low voltage level statically. Therefore, a level transforming circuit can 

comprise MOS transistor which acceptable dielectric strength of gate insulating 
film is lower than the high voltage level. Besides, the pre-buflfer circuit comprises 
CMOS inverter. Thus, the output circuit of present invention operates faster than 
First prior art (Fig. 13), which used an effect obtained when a source follower 

1 5 transistor turns off, for limiting the ampHtude of gate voltage. And, drop of load 
bearing ability can be restrained. 

Further, NMOS 22 of main buffer 20 and PMOS 41 of main buffer 40 are 
equipped to the structure of output stage of the prior art (Fig. 13 and 15). So, 
faster operation is possible, Besides, it is possible to decrease voltage between 

20 sovirce and drain of PMOS 71 and NMOS 72 of overvoltage protecting circuit 70, 
which is impressed when the output signal OUT changes. 

Moreover, a pre-buffer circuit 30 is inserted at the stage before main buffer 
20. So, off-on timing of main buffer circuit 40 is set corresponding to the off-on 
timing of main buffer 20. Therefore, electric current passing from the high voltage 

25 electricity source to the groimd by way of overvoltage protecting circuit 70, 
decreases. 
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<Embodiment 2> 

Embodiment 2 has almost same configuration as Embodiment 1 except the 
following configxiration. The resistance for turning on PMOS 21 of main buffer 
circuit 20 is set greater than the resistance for turning on PMOS 71 of overvoltage 
protecting circmt 70. Similarly, the resistance for turning on NMOS 42 of main 
buffer circuit 40 is set greater than the resistance for turning on NMOS 72 of 
overvoltage protecting circuit 70. The operation voltage Umited by resisting 
voltage between soxurce and drain of PMOS transistor and NMOS transistor 
mentioned above is sufaciently higher than voltage (VCC+Vth). And, it is 
sufficiently higher than voltage (VCC-VCC+Vth) and lower than voltage VDD. 
Here, maximum of absolute value of the threshold of each MOS transistor is Vth. 
<Operation of Embodiment 2> 

When the data terminal 51 shifts its level fi-om the ground level OV to the 
low voltage level VCC, output node Nil of inverter 53 becomes the ground level 
OV. The inverter 54 provides the output node N12 with the low voltage level VCC. 
The input IN and /IN of level transforming circuit 11a are connected with the 
node N12 and Nil respectively. And, the high voltage level VDD is provided to 
the output OUT of level transforming circuit 11a. The output node Nl of pre- 
buffer circuit 30 becomes the low voltage level VCC. And, the inverter 55, which 
input is connected with the node N12, brings its output node N3 to the ground * 
level OV. The PMOS 21 of main buffer circuit 20 turns on. And, NMOS 22 of it 
turns off 

The PMOS 41 of main buffer circuit 40 turns on. And, NMOS 42 of it turns 
off. The PMOS 71 of overvoltage protecting circuit 70 turns on, as source electric 
potential of PMOS 71 increases. And, NMOS 72 of it has yet turned on, while the 
electric potential of output signal OUT is sufficiently lower than the low voltage 
level VCC. So, the electric potential of output signal OUT rises up from the 
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ground level OV. In this occasion, turning on resistance of PMOS 21 of main buffer 
20 is set higher than turning on resistance of PMOS 71 of overvoltage protecting 
circuit 70. So, gate source voltage of PMOS 71 is an extent sUghtly exceeding 
threshold voltage Vth. If current from PMOS 71 is set to turn on PMOS 21 of 
main buffer circuit 20 at timing when the output signal OUT shghtly exceeds 
threshold voltage Vth, the source drain voltage of PMOS 71 of overvoltage 
protecting circuit 70 is restrained to an extent of the lov^ voltage level VCC, even 
in a transient state. Thus, the output signal OUT becomes the high voltage level 
VDD. 

On the other hand, when the data terminal 51 shifts from the low voltage 
level VCC to the ground level OV, the output node Nil of inverter 53 becomes the 
low voltage level VCC. The inverter 54 provides the output node N12 with the 
ground level OV. The input IN and /IN of level transforming circuit 11a are 
connected with the node N12 and Nil respectively. And, the low voltage level 
VCC is provided to the output of level transforming circuit 11a. The output node 
Nl of pre-buffer circuit 30 becomes the high voltage level VDD. And, the inverter 
55, which input is connected with the node N12, brings its output node N3 to the 
low voltage level VCC. The PMOS 21 of main buffer circuit 20 turns off. And, 
NMOS 22 of it turns on. The PMOS 41 of main buffer circuit 40 turns off. And, 
NMOS 42 of it turns on. And, NMOS 72 of it turns on, as source electric potential 
of PMOS 72 of the overvoltage protecting circuit 70 drops. The PMOS 71 of 
overvoltage protecting circuit 70 has yet turned on, while the electric potential of 
output signal OUT is sufficiently higher than the low voltage level VCC. 
Therefore, the output signal OUT becomes the ground level OV. And, electric 
potential of output signal OUT descends from the high voltage level VDD. 

In this occasion, ttu-ning on resistance of NMOS 42 of main buffer 40 is set 
higher than turning on resistance of NMOS 72 of overvoltage protecting circuit 70. 
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So, gate source voltage of NMOS 72 is an extent slightly exceeding threshold 
voltage Vth. If current from PMOS 71 is set to turn on NMOS 42 of main buffer 
circuit 40 at timing when the output signal OUT falls down from the high voltage 
level VDD to a level sHghtly exceeding threshold voltage Vth, the source drain 
voltage of NMOS 72 of overvoltage protecting circuit 70 is restrained to an extent 
of (VDD-VCC) not exceeding the low voltage level VCC, even in a transient state. 
Thus, the output signal OUT becomes the ground level OV. 

As mentioned above. Embodiment 2 comprises so that PMOS 71 and 
NMOS 72 of overvoltage protecting circuit are impressed with an extent of the low 
voltage level VCC between source and drain, even in a transient state. 
<EflGBct of Embodiment 2> 

As described above, according to Embodiment 2, voltage exceeding the low 
voltage level VCC is never impressed between source arid drain of each transistor 
mentioned above, even in a transient state. Therefore, the output circuit can 
comprise only MOS transistor which source-drain strength is lower than high 
voltage electricity source. Moreover, voltage exceeding the low voltage level is 
never impressed to the gate oxide film of each transistor mentioned above, even in 
transient state. Therefore, a rehable output circuit can comprise only MOS 
transistor which strength of gate oxide film is lower than the high voltage 
electricity soiu:ce level. 

<Embodiment 3> 

Fig. 3 is a circuit diagram showing Embodiment 3. In Fig. 3, elements same 
as Embodiment 1 are designated with the same symbol. 

Embodiment 3 is different from Embodiment 1 or 2 in next points. As for 
NMOS 32 of pre-bufifer circuit 30 and NMOS 22 of main buffer circuit 20, their 
substrates aie connected with the sources of each NMOS respectively instead of 

29 



the ground. Moreover, as for PMOS 71 of overvoltage protecting circuit 70, its 
substrate is connected with its source (node N5) instead of the high voltage 
electricity soui ce VDD. And, ks for NMOS 72 of overvoltage protecting circuit 70, 
its substrate is connected with its source (node N6) instead of the ground. NMOS 
32, 22 and 72 mentioned above are formed in a P well region, which is formed in a 
deep N well region formed on a p-type semiconductor substrate. Thus, these 
NMOS transistors are electrically separated from the semiconductor substrate. 

Moreover, in Embodiment 3, the level transforming circviit 11a of Fig. 2 is 
replaced by a level transforming circuit lib. Fig. 4 is a circuit diagram showing 
the level transforming circuit lib. In Fig. 4, elements same as the level 
transforming circuit 11a of Fig. 2 are designated with the same symbols. 

The level transforming circuit lib is different from the level transforming 
circuit 11a shown in Fig. 2 in foUowing points. As for NMOS 132 of intermediate 
circuit inverter 130, NMOS 142 of intermediate circuit inverter 140, NMOS 152 of 
inverter 150, and NMOS 162 of inverter 160, their substrates are connected with 
the sources of each NMOS respectively instead of the ground. As for PMOS 151p, 
its substrate is connected with the output node N103 instead of the high voltage 
electricity source VDD. And, as for NMOS 152p, its substrate is connected with 
the output node N104 instead of the high voltage level VDD. NMOS 132, 142, 152 
and 162 mentioned above are formed in a P well region, which is formed in a deep 
N weU region formed on a p-type semiconductor substrate. Thus, these NMOS 
transistors are electrically separated from the semiconductor substrate. 
<Operation of Embodiment 3> 

The operation of this circuit is same as Embodiment 1 and 2 mentioned 
above. In Embodiment 1 mentioned above, it is described that voltage impressed 
with gate oxide film is an extent of the low voltage level VCC even when the gate- 
substrate voltage is the high voltage level VCC. 
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<Effect of Embodiment 3> 

In Embodiment 3, NMOS 32, 22 and 72 are formed in P well region 
electrically separated from the semiconductor substrate. And, PMOS 71 is 
separated from N well of other PMOS. Besides, substrates of NMOS 32, 22, 72 
5 and PMOS 71 are connected with their own sources respectively. Therefore, 

obtained is an effect of further reheving load to gate oxide film of NMOS 32, 22, 72 
and PMOS 71. Moreover, inverse bias voltage impressed with pn junction is 
relieved, which is formed by drain and substrate of NMOS 32, 22, 72 and PMOS 
71. Moreover, faster operation of circxiit is expected, because influence of substrate 

1 0 bias on operation of circuit does not exist about NMOS 32 and 22. 

Element isolation technique such as triple well structure apphed to 
Embodiment 3, has been adopted for LSI made by fine process, for the purpose of 
reducing substrate noise or reducing leak current. And, the cost of production 
increases by several percent. But, this technique is necessarily adopted from now 

15 on, as fineness of elements proceeds. That is, this technique is not adopted only for 
making the structure of Embodiment 3. So, what makes the process of production 
complicated, is not Embodiment 3. 

<Embodiment 4> 

20 Fig. 5 is a circuit diagram showing Embodiment 4. Embodiment 4 is what 

comprises each MOS transistor of Embodiment 1, 2 or 3 formed in silicon region 
isolated completely by an oxide film. That is, each MOS transistor comprises 
transistor of SOI (SiUcon On Insulator) structm-e. 

The well region (substrate) of bulk CMOS in Fig. 1 is called body region 
25 in SOI structure. As for SOI of complete depletion type, body is usually set in 

floating state. And, transistor having three terminal is obtained. Moreover, as for 
SOI of partial depletion type, there is an occasion when body is set in floating 
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state. And, there is the other occasion when body is connected with sovirce or with 
electricity source level as same as bulk CMOS. The configuration of Embodiment 
4 is same as the configxu-ation of Embodiment 1, 3 shown in Fig. 1, 3, in the 
occasion when body is connected with source or with electricity source level as 
same as bulk CMOS. Fig. 5 shows the occasion when body is set in floating state. 

Moreover, in Embodiment 4, the level transforming circuit 11a of Fig. 2 is 
replaced by a level transforming circuit 11c. Fig. 6 is a circuit diagram showing 
the level transforming circuit 11c. In Fig. 6, elements same as the level 
transforming circuit 11a of Fig. 2 are designated with the same symbols. 

The level transforming circuit 11a shown in Fig. 6 is what comprises each 
MOS transistor in the level transforming circuit shown in Fig. 2, formed in sUicon 
region isolated completely by an oxide film. That is, each MOS transistor 
comprises transistor of SOI (SiUcon On Insulator) structure. The weU region 

(substrate) of bulk CMOS in Fig. 2 is called body region in SOI structure. As 
for SOI of complete depletion type, body is usually set in floating state. And, 
transistor having three terminal is obtained. Moreover, as for SOI of partial 
depletion type, there is an occasion when body is set in floating state. And, there is 
the other occasion when body is connected with source or with electricity source 
level as same as bulk CMOS. The configuration of level transforming circmt 11c is 
same as the configuration of level transforming circuit 11a, lib shown in Fig. 2, 4, 
in the occasion when body is connected with source or with electricity source level 
as same as bulk CMOS. Fig. 6 shows the occasion when body is set in floating 
state. 

<Operation of Embodiment 4> 

The operation of circuit of Embodiment 4 is same as that of Embodiment 1 
or 2 mentioned before. 
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In the description of Embodiment 1 mentioned above, the inverse bias 
strength of pn jxmction between diflfusing region and substrate, comprising each 
PMOS transistor and each NMOS transistor of bulk CMOS, is set higher than 
high voltage level VDD, was described. On the wafer of SOI structm-e, formed is a 
berried oxide film, which thickness is an extent of lOOnm to 500nm in the siUcon 
layer beneath the surface of wafer. And, the region where each transistor is 
formed is isolated each other by oxide film of similar size. Therefore, the strength 
of isolating oxide film, which corresponds to the inverse bias strength of pn 
junction between diffusing region and substrate forming each PMOS transistor 
and each NMOS transistor of buUc CMOS, is set as strong as lOV or stronger than 
this. 

<Effect of Embodiment 4> 

In Embodiment 4, MOS transistor of SOI structure is adopted. Therefore, 
the body (substrate) is able to be used in floating state. Then, the manufacturer 
does not need to care for the voltage between gate and body (substrate) of each 
MOS transistor, and strength between drain and substrate. Moreover, as 
mentioned above, strength between body and substrate is sufficiently strong 
compared with the high voltage level VDD. Therefore, in the latest process of 
manufacturing fine structure of semiconductor, a semiconductor integrated circvdt 
with higher rehabihty is manufactixred. 

Moreover, element region is completely isolated by oxide film. Therefore, 
parasitic capacity of source and drain of each MOS transistor decreases. And, 
faster operation of circuit can be obtained. Further, element isolation of SOI 
structure adopted in Embodiment 4 is beneficial to decreasing noise in substrate 
or decreasing leak current in junction. 



<Embodiment 5> 
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Fig. 5 is a circuit diagram showing Embodiment 5, which comprises three 
states' output circuit. 

This output circuit comprises, as shown in Fig. 7, a logic circuit 50 (an 
example of the fixst control circuit section of present invention), a first level 
transforming circuit 11 (an example of the first level transforming circuit of 
present invention), a second level transforming circuit 12 (an example of the 
second level transforming circuit of present invention) a pre-bu£fer circuit 30 (an 
example of the pre-buffer circuit of present invention), a main buffer circuit 20 (an 
example of the first buffer circuit of present invention), a main buffer circuit 40 
(an example of the second buffer circuit of present invention), an overvoltage 
protecting circuit 70 (an example of the overvoltage protecting circuit of present 
invention). Hereafter, each element is described in this order, 
(logic circuit 50), 

The logic circuit 50 of the low voltage electricity source system has a data 
terminal 51 and an enable terminal 52. And, it comprises a NAND gate 53, a 
NOR gate 57, and inverters 54, 55, 56, 58, 59. NAND gate 53 is inputted with 
signal from data terminal 51 and signal fi-om enable terminal 52. And, its output 
signal is provided to the input of inverter 54 and to the input /IN of level 
transforming circuit 11. Then, the output signal of inverter 54 is provided to the 
input of inverter 55 and to the input IN of level transforming circuit 11. NOR gate 

57 is inputted with signal fi:om data terminal 51 and inverse signal fi-om enable 
terminal 52. And, its output signal is provided to the input of inverter 58 and to 
the input IN of level transforming circuit 12. Then, the output signal of inverter 

58 is provided to the input of inverter 59 and to the input /IN of level transforming 
circuit 12. Moreover, the output of logic circuit 50 is provided to the main buffer 
circuit 40. 

(level transforming circuit 11) 
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The level transforming circuit 11 is inputted with the output of logic circuit 
50. And, it is transformed into a signal of amplitude between the high voltage 
VDD and the low voltage VCC, so as to put out. Further, with the output of said 
level transforming circuit 11, connected is a pre-bu£fer circuit 30. And, with this, 
connected is a main buffer circuit 20. 
(level transforming circuit 12) 

The level transforming circuit 12 is inputted with the output of logic circuit 
50. And, it is transformed into a signal of amplitude between the high voltage 
VDD and the low voltage VCC, so as to put out. Further, with the output of said 
level transforming circuit 12, connected is a main buffer circuit 20. 
(pre-buffer circuit 30) 

The pre-buflfer circuit SO.comprises PMOS 31 and NMOS 32. And, it 
provides gates of PMOS 21 of main buffer circuit 20 with a signal of an ampUtude 
between the high voltage VDD and the low voltage VCC. 
(main buffer circuit 20) 

The main buffer circuit 20 comprises PMOS 21 and NMOS 22. And, it 
provides the overvoltage protecting circuit 70 with an output signal of an 
amphtude between the high voltage VDD and the low voltage VCC. 
(main buffer circuit 40) 

The main buffer circuit 40 comprises PMOS 41 and NMOS 42. The gate of 
NMOS 42 of the main buffer circuit 40 is provided with output signal of inverter 
59. The gate of PMOS 41 of the main buffer circuit 40 is provided with output 
signal of inverter 55. And, the main buffer circuit 40 provides one of the terminals 
of overvoltage protecting circuit 70 with an output signal of an ampUtude between 
the ground level OV and the low voltage VCC. 
(overvoltage protecting circuit 70) 
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The output signal OUT is put out from overvoltage protecting circuit 70 to 
the outside of the integrated circuit by way of an output pad 80. And, it comprises 
PMOS 71 and NMOS 72, which gates are impressed the low voltage level in 
common, which drains are connected with each other. 

In the structure mentioned above, the pre-buffer circuit 30 comprises an 
inverter. And, the substrate (n-type weU region) of PMOS 31 is connected with the 
high voltage electricity source VDD. Besides, the substrate of NMOS 32 is 
connected with the ground. Similarly, main buffer circuit 20 comprises an inverter. 
And, the substrate (n-type well region) of PMOS 21 is connected with the high 
voltage electricity source VDD. Besides, the substrate of NMOS 22 is connected 
with the ground. Moreover, the main buffer circuit 40 comprises an inverter. And, 
the substrate (n-type well region) of PMOS 41 is connected with the low voltage 
electricity source VCC. Besides, the substrate of NMOS 42 is connected with the 
ground. And, the substrate (n-type well region) of PMOS 71 of overvoltage 
protecting circuit 70 is connected with the high voltage electricity source VDD. 
Besides, the substrate of NMOS 72 is connected with the groimd. 

The structure of level transforming circuit 11, 12 of Embodiment 5 is same 
as that of level transforming circuit 11a shown in Fig. 2. 

The operating voltage of each PMOS transistor and NMOS transistor 
mentioned above are limited by dielectric strength of their gate oxide film within 
the scope of more than VCC and more than VDD- VCC and less than VDD. In the 
description mentioned below, it is provided that a relation of VDD>VCC>=VDD- 
VCC is kept. Moreover, the inverse bias strength of pn junction between the 
diffusing region and substrate of each PMOS transistor and NMOS transistor is 
set higher than the high voltage VDD. 
<Operation of Embodiment 5> 
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When ground level (OV) is inputted to the enable terminal 52; the output 
OUT of level transforming circuit 11 becomes the low voltage level VCC. And, the 
output node Nl of pre-buffer circuit 30 becomes the high voltage level VDD. Then, 
PMOS 21 of main buffer 20 turns off. Moreover, the output OUT of level 
transforming circuit 12 becomes the low voltage level VCC. Then, NMOS 22 of 
main buffer 20 turns off. On the other hand, PMOS 41 of main buffer circuit 40 
turns off, because the gate of PMOS 41 becomes the low voltage level VCC. And, 
NMOS 42 of main buffer circuit 40 turns off, because the gate of NMOS 42 
becomes the low voltage level VCC. Then, output signal OUT gets in a state of 
high impedance. 

In this occasion, if the output signal OUT is impressed with the high 
voltage level VDD, PMOS 71 of overvoltage protecting circuit 70 tiu-ns on. Then, 
node N5 becomes the high voltage level VDD. And, node N6 becomes VCC-Vtn, as 
Vtn is threshold voltage of NMOS 72. Moreover, if the output signal OUT is 
impressed with the ground level OV, NMOS 72 of overvoltage protecting circuit 70 
turns on. Then, node N6 becomes the groimd level OV. And, node N5 becomes 
VCC+Vtp, as Vtp is threshold voltage of PMOS 71. 

Moreover, when low voltage level VCC is impressed to the enable terminal 
52 and low voltage level VCC is impressed to the data terminal 51; output node 
Nil of NAND gate 53 becomes the groimd level OV. The inverter 54 inputted with 
this signal, provides the output node N12 with the low voltage level VCC. The 
input IN and /IN of level transforming circuit 11 are connected with the node N12 
and Nil respectively. And, the high voltage level VDD is provided to the output of 
level transforming circuit 11. The output node Nl of pre-buffer circuit 30 becomes 
the low voltage level VCC. On the other side, output node N13 of NOR gate 57 
becomes the ground level OV. The inverter 58 inputted with this signal, provides 
the output node N14 with the low voltage level VCC. Then, PMOS 21 and NMOS 
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22 of main buffer circuit 20 turn on respectively. And, the inverter 55, which input 
is connected with the node N12, brings its output node N3 to the ground level OV. 
Besides, the inverter 59, which input is connected with the node N14, brings its 
output node N4 to the ground level OV. Then, PMOS 41 of main buffer circuit 40 
turns on. And, NMOS 42 of it turns off. The PMOS 71 of overvoltage protecting 
circuit 70 turns on. And, NMOS 72 of it turns off. Therefore, the output signal 
OUT becomes the high voltage level VDD. 

On the other hand, when the enable terminal 52 is impressed with the low 
voltage level VCC and the data terminal 51 is impressed with the groimd level OV, 
the output node Nil of NAND gate 53 becomes the low voltage level VCC. The 
inverter 54 inputted with this signal, provides the output node N12 with the 
groxmd level OV. The input IN and /IN of level transforming circuit 11 are 
connected with the node N12 and Nil respectively. The low voltage level VCC is 
provided to the output of level transforming circuit 11. The output node Nl of pre- 
buffer circuit 30 becomes the high voltage level VDD. The output node N13 of 
NOR gate 57 becomes the low voltage level VCC. And, the inverter 58, inputted 
with this signal, provides the output node N14 with the ground level OV. The 
PMOS 21 of main buffer circuit 20 turns off. And, NMOS 22 of it tiirns on. The 
inverter 55, which input is connected with node 12, brings its output node N3 to 
the low voltage level VCC. And, the inverter 59, which input is connected with 
node 14, brings its output node N4 to the low .voltage level VCC. Then, PMOS 41 
of main buffer circuit 40 turns off. And, NMOS 42 of it turns on. The NMOS 72 of 
overvoltage protecting circuit 70 tin-ns on. And, PMOS 71 of it turns off. Therefore, 
the output signal OUT becomes the ground level OV. 

Therefore, the output circuit of Fig. 7 functions as an output circuit, which 
transforms signal of ampUtude between the groimd level OV and the low voltage 
level VCC into signal of ampUtude between the ground level OV and the high 
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voltage level VDD. Moreover, it puts out a high impedance state. Thus, this circuit 
functions as three states* output circuit. 

PMOS 41 of main buffer circuit 40 accelerates the rising of output signal 
OUT by way of NMOS 72 of the overvoltage protecting circuit 70, when the output 
signal OUT shifts from the ground level OV to the high voltage level VDD. 
Moreover, PMOS 41 of main buffer circuit 40 accelerates the faUing of output 
signal OUT by way of PMOS 71 of the overvoltage protecting circuit 70, when the 
output signal OUT shifts from the high voltage level VDD to the ground level OV. 

In the operation mentioned above, voltage higher than the low voltage level 
VCC is never impressed between the gate and the source or drain of each MOS 
transistor. Moreover, between the gate and the substrate, voltage higher than the 
low voltage level VCC is never impressed, except NMOS 22, 32. When a channel 
is formed as MOS transistor is on, channel is in the same electric potential as 
source. So, the voltage between source and substrate is not impressed to the gate 
oxide film. Only the voltage between gate and source is impressed to the gate 
oxide film. 

On the other hand, when a channel is not formed as MOS transistor is off, 
total voltage Vgs+Vsb consisting of gate source voltage Vgs and source substrate 
voltage Vsb is divided between gate oxide film and depletion layer beneath the 
gate. The depletion layer extends as Vsb increases. And, the voltage impressed to 
the gate oxide film does not increase so much. With the reason mentioned above, 
even if Vsb is impressed, the tnaximimi voltage impressed to the gate oxide film is 
not different fr-om the conventional art. So, rehabihty of gate oxide film is never 
deteriorated. 

<Effect of Embodiment 5> 

As mentioned above, according to Embodiment 5, obtained is a three states' 
output circuit, which has same effect as Embodiment 1 mentioned before. 
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Moreover, the main buffer circuit 20 and 40 are driven by different signals 
respectively. Therefore, by adequately adjusting timings of these signals 
respectively, current passing through the circuit can be decreased. So, it is 
possible to obtain an output circuit with small electricity consumption. 

Further, in the occasion when output is in high impedance state: if the 
output is impressed with the electric potential of high voltage level VDD or 
ground level OV; voltage clamped by the overvoltage protecting circuit 70, appears 
at the node N6. Therefore, it is possible to make a combined circuit of input and 
output, by attaching an input circuit, which operates with low voltage electricity 
source, to the node N6. 

<Embodiment 6>; 

Embodiment 6 has edmost same configuration as Embodiment 5 except the 
following configm^ation. The resistance for turning on PMOS 21 of main buffer 
circuit 20 is set greater than the resistance for turning on PMOS 71 of overvoltage 
protecting circuit 70. Similarly, the resistance for turning on NMOS 42 of main 
btiflfer circuit 40 is set greater than the resistance for turning on NMOS 72 of 
overvoltage protecting circuit 70. The operation voltage hmited by resisting 
voltage between source and drain of PMOS transistor and NMOS transistor 
mentioned above is sufficiently higher than voltage (VCC+Vth). And, it is 
sufficiently higher than voltage (VCC-VCC+Vth) and lower than voltage VDD. 
Here, maximiun of absolute value of the threshold of each MOS transistor is Vth. 
<Operation of Embodiment 6> 

When ground level (OV) is inputted to the enable terminal 52; the output 
OUT of level transforming circuit 11 becomes the low voltage level VCC. And, the 
output node Nl of pre-bxiffer circuit 30 becomes the high voltage level VDD. Then, 
PMOS 21 of main buffer 20 turns off. Moreover, the output OUT of level 
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transforming circuit 12 becomes the low voltage level VCC. Then, NMOS 22 of 
main buffer 20 turns off. On the other hand, PMOS 41 of main buffer circuit 40 
turns off, because the gate of PMOS 41 becomes the low voltage level VCC. And, 
NMOS 42 of main buffer circuit 40 turns off, because the gate of NMOS 42 
becomes the low voltage level VCC. Then, output signal OUT gets in a state of 
high impedance. 

In this occasion, if the output signal OUT is impressed with the high 
voltage level VDD, PMOS 71 of overvoltage protecting circuit 70 turns on. Then, 
node N5 becomes the high voltage level VDD. And, node N6 becomes VCC-Vtn, as 
Vtn is threshold voltage of NMOS 72. Moreover, ff the output signal OUT is 
impressed with the ground level OV, NMOS 72 of overvoltage protecting circmt 70 
turns on. Then, node N6 becomes the ground level OV. And, node N5 becomes 
VCC+Vtp, as Vtp is threshold voltage of PMOS 71. 

Moreover, when low voltage level VCC is impressed to the enable terminal 
52 and low voltage level VCC is impressed to the data terminal 51; output node 
Nil of NAND gate 53 becomes the groimd level OV. The inverter 54 inputted with 
this signal, provides the output node N12 with the low voltage level VCC. The 
input IN and /IN of level transforming circuit 11 are connected with the node N12 
and Nil respectively. And, the high voltage level VDD is provided to the output of 
level transforming circuit 11. The output node Nl of pre-bviffer circuit 30 becomes 
the low voltage level VCC. On the other side, output node N13 of NOR gate 57 
becomes the ground level OV. The inverter 58 inputted with this signal, provides 
the output node N14 with the low voltage level VCC. Then, PMOS 21 and NMOS 
22 of main buffer circuit 20 turn on respectively. And, the inverter 55, which input 
is connected with the node N12, brings its output node N3 to the ground level OV. 
Besides, the inverter 59, which input is connected with the node N14, brings its 
output node N4 to the ground level OV. Then, PMOS 41 of main buffer circuit 40 
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turns on. And, NMOS 42 of it turns off. The PMOS 71 of overvoltage protecting 
circuit 70 turns on, as source electric potential of PMOS 71 increases. And, NMOS 
72 of it has yet turned on, while the electric potential of output signal OUT is 
sufBciently lower than the low voltage level VCC. So, the electric potential of 
output signal OUT rises up jfrom the ground level OV. 

In this occasion, txu-ning on resistance of PMOS 21 of main buffer 20 is set 
higher than turning on resistance of PMOS 71 of overvoltage protecting circuit 70. 
So, gate source voltage of PMOS 71 is an extent sUghtly exceeding threshold 
voltage Vth. If current from PMOS 71 is set to turn on PMOS 21 of main buffer 
circuit 20 at timing when the output signal OUT shghtly exceeds threshold 
voltage Vth, the source drain voltage of PMOS 71 of overvoltage protecting circuit 
70 is restrained to an extent of the low voltage level VCC, even in a transient state 
Thus, the output signal OUT becomes the high voltage level VDD. 

On the other hand, when the enable terminal 52 is impressed with the low 
voltage level VCC and the data terminal 51 is impressed with the ground level OV, 
the output node Ni l of NAND gate 53 becomes the low voltage level VCC. The 
inverter 54 inputted with this signal, provides the output node N12 with the 
gr ound level OV. The input IN and /IN of level transforming circuit 11 are 
connected with the node N12 and Nil respectively. The low voltage level VCC is 
provided to the output of level transforming circuit 11. The output node Nl of pre- 
buffer circuit 30 becomes the high voltage level VDD. The output node N13 of 
NOR gate 57 becomes the low voltage level VCC. And, the inverter 58, inputted 
with this signal, provides the output node N14 with the ground level OV. The 
PMOS 21 of main buffer circuit 20 turns off. And, NMOS 22 of it turns on. The 
inverter 55, which input is connected with node 12, brings its output node N3 to 
the low voltage level VCC. And, the inverter 59, which input is connected with 
node 14, brings its output node N4 to the low voltage level VCC. Then, PMOS 41 
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of main buffer circuit 40 turns off. And, NMOS 42 of it turns on. And, NMOS 72 of 
it turns on, as source electric potential of PMOS 72 of the overvoltage protecting 
circuit 70 drops. The PMOS 71 of overvoltage protecting circuit 70 has yet turned 
on, while the electric potential of output signal OUT is sufficiently higher than the 
low voltage level VCC. Therefore, the output signal OUT becomes the ground level 
OV. And, electric potential of output signal OUT descends from the high voltage 
level VDD. 

In this occasion, turning on resistance of NMOS 42 of main buffer 40 is set 
higher than tin-ning on resistance of NMOS 72 of overvoltage protecting circuit 70. 
So, gate source voltage of NMOS 72 is an extent shghtly exceeding threshold 
voltage Vth. If current from PMOS 71 is set to turn on NMOS 42 of main buffer 
circuit 40 at timing when the output signal OUT falls down from the high voltage 
level VDD to a level shghtly exceeding threshold voltage Vth, the source drain 
voltage of NMOS 72 of overvoltage protecting circuit 70 is restrained to an extent 
of (VDD-VCC) not exceeding the low voltage level VCC, even in a transient state. 
Thus, the output signal OUT becomes the ground level OV. 

As mentioned above, Embodiment 6 comprises so that PMOS 71 and 
NMOS 72 of overvoltage protecting circxiit are impressed with an extent of the low 
voltage level VCC between source and drain, even in a transient state. 
<Effect of Embodiment 6> 

As mentioned above, according to Embodiment 6, obtained is a three states' 
output circuit, which has same effect as Embodiment 2 mentioned before. 
Moreover, the main buffer circuit 20 and 40 are driven by different signals 
respectively. Therefore, by adequately adjusting timings of these signals 
respectively, current passing through the circuit can be decreased. So, it is 
possible to obtain an output circuit with small electricity consumption. 
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<Embodiment 7> 

Fig. 8 is a circuit diagram showing Embodiment 7. In Fig. 8, elements same 
as Embodiment 5 are designated with the same symbol. 

Embodiment 7 is different from Embodiment 5 or 6 in following points. As 
5 for NMOS 32 of pre-buffer circuit 30 and NMOS 22 of main buffer circuit 20, their 
substrates are connected with the sources of each NMOS respectively instead of 
the ground. Moreover, as for PMOS 71 of overvoltage protecting circuit 70, its 
substrate is connected with its source (node N5) instead of the high voltage 
electricity source VDD. And, as for NMOS 72 of overvoltage protecting circuit 70, 
10 its substrate is connected with its source (node N6) instead of the ground. NMOS 
32, 22 and 72 mentioned above are formed in a P well region, which is formed in a 
deep N well region formed on a p-type semiconductor substrate. Thus, these 
NMOS transistors are electrically separated from the semiconductor substrate. 

The structure of level transforming circuit 11, 12 of Embodiment 7 is same 
15 as that of level transforming circvut lib shown in Fig. 4. 
<Operation of Embodiment 7> 

The operation of this circuit is same as Embodiment 5 and 6 mentioned 
above. In Embodiment 1 or 5 mentioned above, it is described that voltage 
impressed with gate oxide film is an extent of the low voltage level VCC even 
20 when the gate-substrate voltage is the high voltage level VGC. 
<Effect of Embodiment 7> 

As mentioned above, according to Embodiment 7, obtained is a three states* 
output circuit, which has same effect as Embodiment 3 mentioned before. 
Moreover, the main buffer circuit 20 and 40 are driven by different signals 
25 respectively. Therefore, by adequately adjusting timings of these signals 
respectively, current passing through the circuit can be decreased. So, it is 
possible to obtain an output circuit with small electricity consumption. 
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<Embodiment 8> 

Fig. 9 is a circuit diagram showing Embodiment 8. Embodiment 8 is what 
comprises each MOS transistor of Embodiment 5, 6 or 7 formed in silicon region 
isolated completely by an oxide film. That is, each MOS transistor comprises 
transistor of SOI (SiUcon On Insulator) structure. 

The structure of level transforming circuit 11, 12 of Embodiment 8 is same 
as that of level transforming circuit 11c shown in Fig. 6. 

The well region (substrate) of bulk CMOS in Fig. 1 or 5 is called body 
region in SOI structure. As for SOI of complete depletion type, body is usually set 
in floating state. And, transistor having three terminal is obtained. Moreover, as 
for SOI of partial depletion type, there is an occasion when body is set in floating 
state. And, there is the other occasion when body is connected with source or with 
electricity source level as same as bulk CMOS. The configuration of Embodiment 
8 is same as the configuration of Embodiment 7 shown in Fig. 8, in the occasion 
when body is coimected with source or with electricity source level as same as 
bulk CMOS. Fig. 9 shows the occasion when body is set in floating state. 
<Operation of Embodiment 8> 

The operation of circuit of Embodiment 8 is same as that of Embodiment 5 
or 6 mentioned before. 

In the description of Embodiment 1 or 5 mentioned above, the inverse bias 
strength of pn junction between diffusing region and substrate, comprising each 
PMOS transistor and each NMOS transistor of bulk CMOS, is set higher than 
high voltage level VDD, was described. On the wafer of SOI structure, formed is a 
berried oxide film, which thickness is an extent of lOOnm to 500nm in the sihcon 
layer beneath the sin-face of wafer. And, the region where each transistor is 
formed is isolated each other by oxide film of similar size. Therefore, the strength 
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of isolating oxide film, which corresponds to the inverse bias strength of pn 
junction between diffusing region and substrate forming each PMOS transistor 
and each NMOS transistor of bulk CMOS, is set as strong as lOV or stronger than 
this. 

<Effect of Embodiment 8> 

As mentioned above, according to Embodiment 8, obtained is a three states' 
output circuit, which has same effect as Embodiment 4 mentioned before. 
Moreover, the main buffer circuit 20 and 40 are driven by different signals 
respectively. Therefore, by adequately adjusting timings of these signals 
respectively, current passing through the circuit can be decreased. So, it is 
possible to obtain an output circuit with small electricity consimiption. 

<Embodiment 9> 

Fig. 10 to 12 are circuit diagrams showing Embodiment 9. In these 
diagrams, elements common with Fig. 9 are designated with same symbols. 

Embodiment 9 comprises a delay adjusting circuit which is attached to the 
output circmt of Embodiment 8, so as to adjust timing of turning on or turning off 
of each transistor in main buffer circuit 20, 40. That is, in Embodiment 9 shown in 
Fig. 12, four delay adjusting circuits 110, 111, 121, 120 are inserted to prescribed 
portions of the output circuit same as what is shown in Fig. 9. The delay adjusting 
circuit 110 is inserted between the output of inverter 59 of controlling circuit 50 
and the gate of NMOS transistor 42 of main buffer circmt 40. The delay adjusting 
circuit 111 is inserted between the output of inverter 55 of controlling circuit 50 
and the gate of PMOS transistor 41 of main buffer circuit 40. The delay adjusting 
circuit 121 is inserted between the output of pre-buffer circuit 30 and the gate of 
PMOS transistor 21 of main buffer circvdt 20. The delay adjusting circuit 120 is 
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inserted between the output OUT of level transforming circuit 12 and the gate of 
NMOS transistor 22 of main buffer circuit 20. 

The delay adjusting circuits 110, 111 have same structure, which is 
designated with DLYl. And, this is shown in Fig. 10. 

An input IN is connected with an inverter 81 and with the first input of 
NOR circuit 81. The output of inverter 81 is connected with the first input of NOR 
circuit 82. The output of NOR circuit 82 is connected with input of an inverter 83 
and with the second input of NOR circuit 85. The output of NOR circuit 85 is 
connected with input of a delay circuit comprising inverters 86, 87, and NMOS 
transistors 88, 89. And, the output of this delay circuit is connected with the 
second input of NOR circuit 82. The output of inverter 83 is connected with input 
of an inverter 84. And, output of the inverter 84 is connected with an output OUT. 
Each inverter or NOR drcuit mentioned above operates with electricity source 
voltage of the low voltage level VCC and the ground level OV. Source and drain of 
NMOS transistors 88, 89 are connected with the ground level. NMOS transistor 
88 functions as a load to the inverter 86. NMOS transistor 89 functions as a load 
to the inverter 87. And, these increases the delay time. 

The delay adjusting circuits 121, 120 have same structure, which is 
designated with DLY2. And, this is shown in Fig. ll. 

An input IN is a signal having amphtude between the high voltage level 
VDD and the low voltage level VCC, which is connected with an inverter 200 and 
with the first input of NAND circuit 240. The output of inverter 200 is connected 
with the first input of NAND circuit 210. The output of NAND circuit 210 is 
connected with input of an inverter 220 and with the second input of NAND 
circuit 240. The output of NAND circuit 240 is connected with input of a delay 
circuit comprising inverters 250, 260, and NMOS transistors 270, 280. And, the - 
output of this delay circuit is connected with the second input of NAND circuit 210. 
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The output of inverter 220 is connected with input of an inverter 230. And, output 
of the inverter 230 is connected with an output OUT. Each inverter or NAND 
circuit mentioned above operates with electricity source voltage of the low voltage 
level VCC and the ground level OV. Source and drain of NMOS transistors 270, 
280 are connected with the low voltage level VCC. NMOS transistor 270 functions 
as a load to the inverter 250. NMOS transistor 280 functions as a load to the 
inverter 260. And, these increases the delay time. 
<Operation of Embodiment 9> 

Operation of the delay adjusting circviit DLYl of Fig. 10 is described. First 
of all, when the input IN is the groimd level OV, the output of NOR circuit 82 
becomes the ground level OV by the inverter 81. The output of NOR circuit 85 
becomes the low voltage level VCC, because both inputs of NOR circuit 85 are 
ground level OV. Therefore, both inpiits of NOR circuit 82 becomes the low voltage 
level VCC by way of inverter 86, 87. And, the signal of input IN is latched. The 
output OUT becomes the ground level OV by way of inverter 83, 84. 

Next, when the input IN becomes the low voltage level VCC from the 
ground level OV, the output of NOR circuit 85 becomes the ground level OV. And, 
the output of inverter 81 becomes the ground level OV. NOR circuit 82 puts out 
the low voltage level VCC, after it is inputted with delayed signal by way of 
inverter 86, 87. The output OUT becomes the low voltage level VCC by way of 
inverter 83, 84. 

Next, when the input IN becomes the ground level OV from the low voltage 
level VCC, the output of inverter 81 becomes the low voltage level VCC. And, the 
output of NOR circuit 82 becomes the ground level OV. The output OUT becomes 
the ground level OV by way of inverter 83, 84. NOR circuit 85 becomes the low 
voltage level VCC by receiving the output of NOR circuit 82. Therefore, this circuit 
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operates as a delay adjusting circuit, which delay time of falling edge is early, and 
which delay time of rising edge is late. 

Operation of the delay adjusting circuit DLY2 of Fig. 11 is described. First 
of all, when the input IN is the low voltage level VCC, the output of inverter 200 
becomes the high voltage level VDD. The output of NAND circuit 240 becomes the 
high voltage level VDD. Both inputs of NAND circuit 210 becomes the high 
voltage level VDD by way of inverter 250, 260. The output of NAND circuit 210 
becomes the low voltage level VCC, because both inputs of NAND circuit 210 are 
high voltage level VDD. Therefore, both inputs of NAND circuit 240 become low 
voltage level VCC. And, the signal of input IN is latched. The output OUT 
becomes the low voltage level VCC by way of inverter 220, 230. 

Next, when the input IN becomes the high voltage level VDD from the low 
voltage level VCC, the output of inverter 210 becomes the low voltage level VCC. 
And, the output of NAND circuit 210 becomes the high voltage level VDD. The 
output OUT becomes the high voltage level VDD by way of inverter 220, 230. 
NAND circuit 240 becomes the low voltage level VCC by receiving the output of 
NAND circuit 210. 

Next, when the input IN becomes the low voltage level VCC from the high 
voltage level VDD, the output of NAND circuit 240 becomes the high voltage level 
VDD. And, the output of inverter 200 becomes the high voltage level VDD. NAND 
circuit 210 puts out the low voltage level VCC, after it is inputted with delayed 
signal by way of inverter inverter 250, 260. The output OUT becomes the low by 
way of inverter 220, 230. Therefore, this circuit operates as a delay adjusting 
circuit, which delay time of faUing edge is late, and which delay time of rising edge 
is early. 
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Next, operation of the output circmt of Fig. 12 is described. It is almost 
same as that of the circuit shown in Fig. 9. So, the difference occurred as the delay 
adjusting circuit attached, is described. 

When the input data termincd 51 is the ground level OV and the enable 
terminal is the low voltage level VCC, the nodes Nl, N2, N3, N4 are the high 
voltage level VDD, high voltage level VDD, low voltage level VCC, low voltage 
level VCC respectively. Next, when the input data terminal 51 becomes the low 
voltage level VCC from the high voltage level VDD, the node N4 of the output of 
delay adjusting circuit 110 and the node N3 of the output of delay adjusting 
circmt 111 become the ground level OV respectively, because the delay time of 
falling edge of delay adjusting circuit DLYl is set advanced. After this, the node 
N2 of the output of delay adjusting circuit 120 and the node Nl of the output of 
delay adjusting circuit 121 become the low voltage level VCC respectively, because 
the delay time of falling edge of delay adjusting circuit DLY2 is set retarded. 
Therefore, NMOS transistor 22 of main buffer circuit 20 turns on and PMOS 
transistor 21 of main buffer circuit 20 turns off, after NMOS transistor 42 of main 
buffer 40 turns off and PMOS transistor 41 of main buffer 40 turns on. Then, the 
output OUT becomes the high voltage level VDD. 

Next, when the input data terminal 51 becomes the groimd level OV from 
the low voltage level VCC, the node N2 of the output of delay adjusting circuit 120 
and the node Nl of the output of delay adjusting circuit 121 become the high 
voltage level VDD respectively, because the delay time of rising edge of delay 
adjusting circuit DLY2 is set advanced. After this, the node N4 of the output of 
delay adjusting circuit 110 and the node N3 of the output of delay adjusting 
circuit 111 become the low voltage level VCC respectively, because the delay time 
of rising edge of delay adjusting circuit DLYl is set retarded. Therefore, NMOS 
transistor 42 of main buffer 40 tvu-ns off and PMOS transistor 41 of main buffer 
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40 turns on, after PMOS transistor 21 of main bviffer circuit 20 turns off and 
NMOS transistor 22 of main buffer circuit 20 turns on. Then, the output OUT 
becomes the ground level OV. 
<Effect of Embodiment 9> 

According to Embodiment 9, current passing by way of transistors 21, 71, 
72,42 can be decreased, because timings of tvirning on and turning off of 
transistors in the output stage are adjusted adequately. Therefore, it is possible to 
reahze an output circuit with lower electricity consumption. 

<Other Embodinients> 

As mentioned above, preferred Embodiments of the semiconductor output 
circuit according to present invention are described. However, the present 
invention is not limited to these Embodiments. Simple alternation or modification 
performed by persons of ordinary skill is able to be included in the scope of the 
claims. 

For example, in Embodiments mentioned above, the main bufifer circuit 20, 
40 comprise CMOS inverter circuits respectively. However, the present invention 
is not hmited to this. That is, it is possible to replace the main buffer circuit 20 of 
Fig. 1 with NAND circuit 20 able to operate by an electricity soiu-ce of voltage 
between the high voltage level VDD and low voltage level VCC, and to replace the 
main buffer circuit 40 of Fig. 1 with NAND circuit 40 able to operate by an 
electricity source of voltage between the low voltage level VCC and ground level 
OV; so that fixing signals for fixing the output level and tranformed signals of the 
fixing signals are inputted to NAND circuit 20, 40 respectively. As the fixing 
signal of NAND circuit 20 is set to the ground level OV, the node N5 becomes the 
high voltage level VDD. And, as the iBxing signal of NAND circuit 40 is set to the 
ground level OV, the node N6 becomes the low voltage level VCC. Then, the output 
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OUT is set to the high voltage level VDD. Thus, it becomes easy to set output level 
in the occasion of testing the output circuit. Incidentally, in this occasion, if the 
fixing signals are set to the low voltage level VCC respectively, the modified 
output circuit is same as the output circuit of Embodiment 1 shown in Fig, 1. That 
is, the main buffer circuit 20 is regarded as a logic circuit putting out signal 
having ampHtude between the high voltage level VDD and the low voltage level 
VCC. And, the main bujQFer circuit 40 is regarded as a logic circuit putting out 
signal having amphtude between the low voltage level VCC and the ground level 
OV. Then, these signals are provided to the overvoltage protecting circuit 70. 

Moreover, the pre-buflfer circuit 30 and the inverter 55, 59 of controUing 
circuit 50 are circuits for driving the main buffer circuit 20 and 40. So, these 
circuits can be omitted. Or, fiirther, same kind of circuits can be added. 

In Embodiment 5 to 9, described is a circuit structure inputting output 
signal of CMOS circuit 50 to level transforming circuit 11, 12. However, CMOS 
circuit 50 can be modified to a pre-buffer circuit other than the pre-buffer circuit 
30, which is inputted with transformed data signal and with transformed enable 
signal respectively, so as to drive the main buffer circuit 20. This modification 
never deteriorates the operation of output circuit. 

Moreover, the low voltage electricity source connected with MOS 
transistors can be connected with individual different low voltage electricity 
sources or bias circuits. And, turning on resistance of each transistor is adjusted. 
Then, it becomes possible to fireely set gate width or gate length individually. 

As described above, two electricity source of 3V and 1.8V are used in 
Embodiments mentioned above. However, dielectric strength of gate oxide film 
will become an extent of 1.3V in device of 0.1 j(i m age. In this occasion, it is 
possible to apply present invention to an output circuit with electricity source 
combination of high voltage 1.8V and low voltage l.OV. 
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